Little is known about hip-related function, mobility, and performance in patients after hip arthroscopic surgery (HA) during the time that return to sports can be expected.
Femoroacetabular impingement syndrome (FAIS) is a motion-related clinical disorder of the hip affecting physically active patients. 13 Patients with FAIS often undergo hip arthroscopic surgery (HA) with the goal to return to sports. 26 However, despite high rates of return to general sports participation, 33 recent studies have reported that only approximately half of all athletes return to their previous sports and that just 1 in 5 return to previous performance levels. 15, 49 Furthermore, patients often present with residual hip pain and reduced self-reported sporting function after HA. 19, 40 More knowledge regarding the functional performance of patients who have undergone HA is needed to identify impairments that may be responsible for reduced self-reported sporting function and low rates of return to performance.
Athletes with FAIS who undergo HA often do so with the aim of reducing hip pain and eliminating physical impairments that affect sports performance. 6 Examples of physical impairments that have been observed in patients with FAIS are reduced hip muscle strength 10, 11 and reduced dynamic range of motion (ROM) during gait. 10 While strength has been shown to improve after HA and subsequent rehabilitation, results regarding ROM have been conflicting. 10, 11 Less than 25% of studies on the surgical treatment of FAIS have reported on postoperative ROM, and only a fraction (2.5%) have reported on hip muscle strength. 32 In addition to specific impairments such as reduced ROM and muscle strength, performance-based measures (PBMs) such as hop, balance, or change-of-direction tests, which reflect normal athletic requirements, can be conducted in a clinical setting. 22 However, there are currently only a small number of studies reporting on PBMs in patients after FAIS surgery. 7, 17, 43 More than 2 years after HA, participants in a study by Tijssen et al 43 performed within 90% of the limb symmetry index during tests of single-leg balance, single-leg squat control, and single-leg hop. Two further studies compared patients 1 to 2 years after HA with a control group and reported decreased single-leg squat control as well as reduced hop and single-leg bridge performance. 7, 17 A 2015 systematic review on return to sports after HA recommended the implementation of PBMs as a means of monitoring rehabilitation progress and athletic abilities to meet the specific demands required to return to sports. 6 Patients typically report improvements in hip-related sports function 6 to 12 months after HA 19 but still show marked impairments in perceived sporting ability 12 months after arthroscopic treatment. 40 While the mean time to return to sports for athletes after HA is 7 ± 2.6 months, 33 the extent to which objective hip function such as ROM and strength has recovered at this point in time is currently unknown. Potential impairments in specific hip functions may be responsible for patients' perceived impairments as well as restrictions in sports participation and hence should be recognized. Yet, there is a lack of studies investigating patients' ability to perform hip-challenging tasks with relevance to sports performance, especially during the time when these patients usually return to sports. Thus, there is a need for studies investigating these objective hip functions in patients who have undergone FAIS surgery to identify potential physical impairments, and thereby potential targets for treatment, that will inform future rehabilitation programs. 10 The purpose of this study was to compare subjective and objective hip-related function, assessed by patient-reported measures as well as objective measures such as ROM, strength, and PBMs, between patients 6 to 10 months after HA and asymptomatic controls. Furthermore, we aimed to compare objective function of the operated hip in relation to the nonoperated hip in the HA patients.
METHODS

Study Design
This cross-sectional study compared patient-reported and objectively measured hip function between patients after HA for FAIS (6-10 months postoperatively) and a control group of asymptomatic participants. The follow-up time was chosen to reflect the time frame in which patients are reported to return to sports after HA. The recruitment of participants and data collection were performed between November 2016 and May 2017. The reporting of results conforms to the Strengthening the Reporting of Observational Studies in Epidemiology guidelines. 45 This study was approved by Lund University's regional ethics board.
Participants
Patients were recruited from a single surgical center specializing in arthroscopic surgery. Patient selection was based on International Classification of Diseases-10th Revision treatment codes (labrum repair [NFT99], labrum resection [NFH91], rim trimming [NEK19], and cam resection [NFK19]). Patients were included if they (1) had undergone primary HA for FAIS 6 to 10 months before inclusion (February-November 2016; for bilaterally operated patients, the time interval was counted from the most recent surgical procedure), (2) were !18 years of age, and (3) lived in the greater Stockholm area. A control group was matched with patients in the HA group according to sex, age, and type of sports/physical activity as well as respective level of participation before hip symptoms according to the Hip Sports Activity Scale (HSAS). 27 Inclusion criteria for control participants were (1) no history of hip surgery, (2) age !18 years, and (3) no treatment for back pain and/or injuries in the lower extremities within the past 6 months. Control participants were recruited consecutively from local sports clubs in an effort to match included patients regarding sex, age, and type of sports as well as level of sports participation.
Assessment Procedure
Before testing, participants provided informed consent as well as demographic information such as profession, hours of exercise per week, leg dominance, and history of lower extremity surgery. Subsequently, patient-reported outcomes, in Swedish or English, were collected through a web survey, and anthropometric measures (body weight, body height, and leg length [distance between the anterior superior iliac spine and medial malleolus in cm]) were obtained. Physical testing was performed in the order described below. To minimize potential learning effects during PBMs, participants were allowed to practice the tests until they felt sufficiently prepared. Furthermore, additional trials for strength measures as well as PBMs were performed in cases where participants improved more than 10% in comparison with the previous trial.
Data Collection
Descriptive Data
Patient charts, surgical reports, and images taken during arthroscopic treatment were retrospectively reviewed to confirm diagnostic codes used as inclusion criteria and to describe arthroscopic treatment procedures as well as cartilage defects at the time of surgery. The alpha angle and center-edge angle were measured on all operated hips to describe cam morphology and confirm the absence of hip dysplasia. In patients who underwent unilateral HA, the alpha angle and center-edge angle were also measured on the nonoperated hip. Participants rated their activity levels (currently and before the onset of hip symptoms) according to the HSAS from 0 to 8, with 8 representing the highest activity level. The HSAS is considered a reliable and valid tool to determine activity levels in patients after HA for FAIS and was used to match activity levels of control participants. 27 The HSAS has not yet been officially translated into Swedish; therefore, a version used in previous research on a Swedish population was used. 34 We also assessed patients' current return-to-sports status on a continuum as recommended in a 2016 consensus statement. 1 Patients were asked to choose 1 of the following statements: (1) I don't participate in sporting activities ("no sport"), (2) I participate in sports/exercise but not in my previous sporting activity ("different sport"), (3) I participate in my previous sporting activity but not at the same performance level ("same sport, lower performance"), or (4) I participate in my previous sporting activity at the same or higher performance level ("same sport, same performance").
Subjective Hip Function
We used the Copenhagen Hip and Groin Outcome Score (HAGOS), 38, 39 which is recommended for the evaluation of patients after HA for FAIS, 42 to assess current selfreported hip function. The HAGOS consists of 6 subscales, evaluating symptoms, pain, function during activities of daily living, function during sports and recreation, participation in physical activities, and hip-related quality of life, and it has been shown to be a valid and reliable tool in the active young to middle-aged. 39 Each HAGOS subscale score was computed and converted into a percentage of the total score, with 0% representing extreme amounts of hip and groin problems and 100% representing no hip and groin problems.
Objective Hip Function
ROM and Hip Muscle Strength. A single examiner (T.W.) assessed ROM and muscle strength of both hips according to routine clinical preoperative and follow-up protocols. The reliability of these test protocols was previously assessed on 19 patients with FAIS scheduled for HA (mean age, 33.6 ± 7.7 years; 16% [n ¼ 3] female). Intraclass correlation coefficients (2-way random models [2.1]) for intratester reliability ranged from 0.72 to 0.90 (ROM) and 0.89 to 0.95 (strength). ROM measures were performed in the same order for all participants, while hip muscle strength measures were randomized (www.randomizer. org) according to starting leg, starting position (supine/ prone), and starting direction (supine: flexion/abduction/ adduction; prone: extension/internal rotation/external rotation) to avoid systematic effects of fatigue or potential pain provocation on individual measurements.
All ROM measures were performed in the supine position. For active hip flexion, participants were asked to maximally flex their hip with a flexed knee while keeping the nontested limb on the treatment table. For passive hip flexion, participants were asked to maximally pull their knee toward their head with both hands while keeping the nontested limb on the treatment table. No abduction or external rotation was permitted. Flexion measures were performed using a goniometer centered on the greater trochanter, distally aligned toward the lateral femoral condyle, and kept parallel to the treatment table. Passive internal and external rotation were measured in the supine position with the hip joint flexed to 90 in neutral by using a bubble inclinometer. The inclinometer was attached to the tibial tuberosity and the knee flexed to 90
. The examiner subsequently performed internal and external rotation until movement of the pelvis was observed.
For hip muscle function, isometric abduction, adduction, flexion, extension, internal rotation, and external rotation strength were measured with a handheld dynamometer (microFET2; Hogan Scientific) by the same examiner. A modified version of an established test protocol that was found to be valid and reliable was used. 41 The most prominent part of the malleolus was used as a reference point for the dynamometer attachment (5 cm proximal). Furthermore, the measurement sequence was modified to increase time efficiency. As opposed to performing 4 consecutive trials in the same direction, tested legs and directions were alternated for a total of 3 trials in each direction. The maximum generated force across trials (in NÁm/kg) served as the test outcome.
Performance-Based Measures. The Y Balance Test (YBT), triple-hop test (THT), and Illinois agility test (IAT) were used to measure performance. The YBT is a modification of the Star Excursion Balance Test and is aimed to assess a combination of ROM, flexibility, balance, and strength. 12 In healthy participants, the YBT demonstrates good to excellent intrarater reliability 30 and is closely related to hip abduction strength 48 as well as hip ROM.
22
Information regarding its reliability and validity in populations with hip abnormalities is currently lacking. The participants' starting leg was randomized before testing. The YBT was performed barefoot and according to a previously described protocol. 30 The maximum reach distance of 3 trials, performed on each leg in the anterior, posteromedial, and posterolateral directions, was calculated relative to leg length (in percentages) and served as the test outcome.
Hop performance was measured by the medial and lateral THT, a reliable tool in patients with hip abnormalities that has been demonstrated to be able to distinguish between those with and without hip complaints. 21 The participants' starting leg was randomized before testing, and the length of the maximum triple jump (in cm) served as the test outcome.
The IAT combines maximal acceleration, deceleration, sudden change of direction, and nonlinear running. It was performed according to a previously described protocol, which has demonstrated good test-retest reliability and validity for general athletic ability to effectively change directions. 35 Patients in the HA group started the test on the same side they were operated on (for bilateral HA, the most recent surgical procedure) to force them to turn on the operated hip. The starting side for the first control participant was randomized (www.randomizer.org). Subsequently, every other control participant started the test on either the left or the right leg. All participants ran the course at a self-determined pace as a warm-up and to familiarize themselves with the requirements. Participants then performed 3 trials at maximum pace with 3 minutes' rest between trials, and the fastest time to complete the course (in seconds) served as the outcome.
Statistical Analysis
Data analysis was performed using SPSS (version 24; IBM). Group differences were analyzed using independentsamples t tests. Operated hips were compared with the dominant hips of control participants (the most recently treated hip was considered the tested leg for patients who had undergone bilateral HA). In the HA group, objective hip function was compared between the operated and nonoperated sides and analyzed through paired-samples t tests. Bilaterally treated patients were excluded from withinparticipant analysis. Standardized effect sizes (Cohen d, with accompanying 95% CIs) were computed. Effect sizes of 0.2 were considered small, 0.5 medium, and 0.8 large. 9 The sample size was determined with the goal of being able to identify minimal detectable differences of 10% between groups for PBMs (YBT, medial THT, lateral THT, and IAT), corresponding to standardized effect sizes (Cohen d) between 0.7 and 0.9. With a significance level of .05 and 80% power, a sample of 20 to 34 participants per group was required. With 33 participants included in each group, the study had 80% power to detect an effect size of d ¼ 0.7.
RESULTS
In total, 66 participants (33 in the HA group and 33 in the control group) were included in the study. The flow of participants into the study is summarized in Figure 1 . Patient demographics, arthroscopic procedures, perioperative findings, and activity levels are presented in Table 1 . Among patients who had undergone unilateral HA, 57% (n ¼ 13) also had an alpha angle of >55 on the nonoperated side. None of the patients had dysplasia or radiological osteoarthritis (OA).
The HA group reported worse subjective hip function than the control group, with large and statistically significant effect sizes (Table 2 and Figure 2) . We observed small effect sizes for the majority of objective outcomes, indicating generally reduced objective function in the HA group compared with the control group. The largest, and the only statistically significant, effect sizes were found for reduced hip ROM, hip flexion strength, and posteromedial reach of the YBT (Table 3 and Figure 3 ). Within the HA group, no consistent pattern of the observed small effect sizes favoring the function of one hip over the other emerged. Only for hip flexion ROM was there a moderate, statistically significant effect size indicating reduced mobility of the operated hip found (Table 4 and Figure 4 ).
DISCUSSION
This cross-sectional study compared patients 6 to 10 months after FAIS surgery with a healthy control group regarding subjective and objective hip function in addition to comparing the objective function of operated hips with nonoperated hips. In comparison with the control group, the HA group reported clinically relevant impairments in subjective hip function but generally presented with only minor impairments in objective function. The only marked impairments in objective function were found for measures of hip mobility as well as mobility-related performance measures. A side-to-side comparison in the HA group showed no clear pattern of differences between operated and nonoperated hips. Patients in our study reported large and clinically relevant reductions in hip function across all HAGOS subscales, 39 with the largest impairments observed for hiprelated sporting activity, physical activity, and quality of life. These results are in accordance with recent evidence documenting that patients who have undergone HA continue to have marked impairments in self-reported function, following the same domain-specific pattern of impairments as observed in our sample. 40 These marked reductions in self-reported function relating to the ability to function in sports, combined with the low rates of return to sporting performance seen in the current study and previous research, 15, 49 suggest the presence of physical impairments that ought to be objectively measurable.
While a general pattern of reduced objective function for the HA group in comparison with the control group was observed in our sample, standardized effect sizes were small and statistically nonsignificant for the majority of outcomes, and their clinical relevance may therefore be debatable. Only differences in hip mobility, or more precisely, active and passive flexion as well as internal rotation, showed moderate to large effect sizes, indicating worse function in the HA group. FAIS is a motion-related clinical disorder associated with limited hip flexion and rotation ROM, 13 and FAIS surgery involves the correction of hip morphology and is therefore thought to remove anatomic constraints of joint kinematics and hence improve ROM. 14 Nevertheless, patients in this study had less hip mobility 6 to 10 months after HA compared with controls. Even though our data do not include a preintervention and postintervention comparison, our results indicate that patients with FAIS still had impaired hip ROM 6 to 10 months after arthroscopic treatment. In line with this finding, a 2016 systematic review suggested that hip ROM may in fact not improve after arthroscopic surgery. 11 It is possible that these ROM impairments may also have affected patients' performance during other ROMdependent measures of objective hip function. We found moderate effect sizes for reduced posteromedial reach of the YBT as well as for hip flexion strength, 2 tests requiring patients to perform tasks in joint ranges and motions known to be provocative in FAIS. During the YBT, the hip is forced into excessive flexion, internal rotation, and adduction, a combination of hip motions frequently used in the diagnostic process. 31 We measured hip flexion strength in the supine position, with the hip in 90 of flexion, consequently asking patients to produce flexion torque close to their end ROM. 8 Thus, impairments in ROM may 
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Hip Function 6 to 10 Months After Arthroscopic Surgery 5 be associated with patients' functional performance 6 to 10 months after FAIS surgery. It is possible that the impairments that we found are caused by residual surgical trauma. However, from a clinical perspective, this reduction in hip mobility is reminiscent of what is typically seen in patients with early manifestations of hip OA. [2] [3] [4] As reported in a 2018 meta-analysis, patients with FAIS present with biomechanical alterations in hip biomechanics such as reduced hip extension, and there is insufficient evidence for a change in these alterations after arthroscopic treatment. 20 Reduced hip extension during walking is also commonly seen in patients with early hip OA 46 and is thought to be a compensation strategy to unload the anterior hip joint, 24 the common location of chondrolabral abnormalities associated with FAIS. 36 It is important to note that HA for FAIS changes hip morphology, but much of the intra-articular abnormality remains. More than 80% of all patients in this study had acetabular cartilage defects during the time of arthroscopic surgery, which is a common finding in comparable cohorts. 5, 8, 25, 36 These cartilage defects may represent early structural changes, present before the development of clinical OA. 37 According to current evidence, the presence and size of cam morphology are associated with an increased risk of developing OA in patients older than 45 years, but there are no available data to draw similar conclusions for patients of a younger age, such as those in our study. 44 Nevertheless, the high prevalence of chondropathy in our study and other studies on young to middle-aged adults with cam morphology undergoing HA, 5, 8 as well as the observed pattern of physical impairments, suggests that patients with FAIS are clinically not clearly distinguishable from patients with early signs of hip OA. Therefore, it can also be argued that the objective impairments of the small effect sizes that we observed in patients could potentially be caused by their chondropathy, which are large enough to cause patients to perceive impairments in hip function but not yet linked to clinically measurable signs and symptoms.
When comparing the objective function of the operated hip to the nonoperated hip, we generally found only small and nonsignificant effect sizes, with no pattern favoring one hip over the other. The only measure showing a significant reduction of a medium effect size was passive hip flexion of the operated hip. In alignment with these results, Tijssen et al 43 found a limb symmetry index of >90% for PBMs, hip strength measures, and ROM measures except for internal rotation in their cohort of patients who underwent HA. It should be acknowledged that such intraindividual comparisons should be interpreted with caution and not taken as evidence for restored function, as the contralateral limb may have deconditioned after surgery. In patients after anterior cruciate ligament reconstruction, it has been shown that a side-to-side comparison of knee function 6 months after surgery overestimates knee function of the involved side. 47 Furthermore, patients with FAIS often present with bilateral morphological findings, 23 which potentially could affect performance in both hips. In our study, 57% of patients who had undergone unilateral HA had a contralateral alpha angle of >55
, highlighting the fact that the presence of cam morphology does not equal the presence of FAIS 13 and suggesting that other factors such as hip chondropathy may be responsible for the patients' complaints. This may explain why patients continued having impairments after the arthroscopic treatment of FAIS. A 2018 randomized controlled trial comparing the arthroscopic treatment of FAIS with supervised rehabilitation found clinically relevant improvements in both groups, with superior results for the Data are reported as mean ± SD unless otherwise indicated. There was a statistically significant between-group difference in all HAGOS subscores (P < .05 for all). HA, hip arthroscopic surgery; HAGOS, Copenhagen Hip and Groin Outcome Score. surgical treatment. 14 However, patients in that study also continued to have marked impairments in hip-related quality of life 1 year after the initiation of both treatments, 14 just as the patients in our study. As clinicians, we have to acknowledge that patients with FAIS are not likely to be free of intra-articular abnormalities after arthroscopic treatment, and their expectations may therefore need to be managed accordingly. One patient missing because of a sprained ankle during warm-up. Although the results of our study demonstrated hip mobility impairments of approximately the same effect sizes as in previous research with a similar methodology, 18 other studies have found larger impairments in hip strength and performance measures. 7, 17, 18 A potential explanation for this is the choice of specific performance measures; however, the different results are rather likely attributable to differences in study samples. The previous studies 7, 17, 18 were based on patients who underwent HA for hip pain and a wide range of intra-articular abnormalities (*50% treated for FAIS), 16 while our sample underwent HA specifically for the treatment of FAIS (100% cam resections). Furthermore, the patients included in our study had preoperative activity levels corresponding to pivoting sports such as ice hockey and soccer (HSAS score: median, 6.5 [interquartile range, 3.5-7.0]) compared with the previous studies including patients who reported walking (corresponding to HSAS level 1) to be their primary physical activity. 7 Moreover, we chose to assess patients at 6 to 10 months after HA, when patients are usually discharged and may return to sports, 28, 33, 49 as opposed to 12 to 24 months after surgery as in previous studies. 7, 17, 18 Hence, it can be argued that our study is the first to compare objective physical function between a homogeneous group of athletic patients after FAIS surgery and a healthy control group.
There are some methodological considerations to be aware of when interpreting the results of this study. We aimed to match control participants to patients' presymptomatic HSAS levels as reported in data from preoperative visits. At the time of the measurements, participants in both groups reported their current activity levels. However, the patients' presymptomatic HSAS level differed by 1.5 points from the current HSAS level of control participants. This difference could likely be explained by potential discrepancies between our evaluations of control participants' HSAS level and participants' own self-evaluation during data collection. Hence, the lower HSAS level among control participants may have underestimated patients' impairments, as they were compared with a group not completely corresponding to their own preoperative level of activity.
The study sample consisted of a homogeneous group of physically active patients who underwent HA for the treatment of FAIS, and 74% of all potentially eligible patients participated. The results of this study should therefore be generalizable to the typical patient population with FAIS undergoing HA. As a cross-sectional study, our study describes patients' hip function during a specific period of 6 to 10 months after FAIS surgery. This provides a picture of subjective and objective hip function at this time but may not represent the end stage of recovery after HA, which may potentially be a much longer process. 19 It should be acknowledged that the follow-up time point in this study may thus not represent the end stage of recovery. Furthermore, it is unknown to what extent hip chondropathic changes may or may not deteriorate over time and which patients eventually will develop clinical OA. Future research should investigate the development of objective hip function, preferably using prospective study designs with repeated measurements.
CONCLUSION
Subjective hip function was substantially impaired in patients 6 to 10 months after HA for the treatment of FAIS in comparison with healthy controls. The HA group presented with comparable objective hip function for the majority of outcomes, with the exception of hip ROM and functional measures dependent on ROM. No consistent pattern of impairments was found in operated hips compared with nonoperated hips.
